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SUMMARY 

A f l i g h t  inves t iga t ion  using two rocket -boosted l / lO-scale  models 
of t h e  McDonnell XF3H-l  a i rp lane  has been conducted by t h e  I i ~ t i o n a l  
Advisory Committee for Aeronautics t o  determine t h e  nerodynanic e f f e c t s  
of operat ing i n t e r n a l l y  stowed extensible  rocket racks during t ransonic  
f l i g h t .  Resul ts  f r o 3  t h e  f l i g h t  of t.ie seton< ~n,odel a r e  presented here  
f o r  t h e  f irst  t h e ;  same coxparieons with t h e  f i r s t  t e s t  are i n c l u k d .  
With t h e  exception of t h e  e f f ec t  on &rag, o p e r a t i m  of t h e  racks gerer-  
a l l y  had on ly  a s d l  e f f e c t  on the  zerodynanic c h a r a c t e r i s t i c s  of t h e  
model. A region of apparent ly  variable dynamic longi tudina l  s t a b i l i t y  
between a Mach nuuber of 1.15, and 1.27 found i n  t h e  t e s t  of t h e  f i r s t  
model of t h i s  program and a t t r ibu ted  t o  t h e  presence of t h e  rocket racks 
was repeated over a somewhat smaller Mach number range. The supersonic 
f l u t t e r  encountered i n  t h e  test  of t h e  second model w a s  i nc iden ta l  t o  
t h e  purpose of t h e  tes t  and i s  not l i k e l y  t o  appear on t h e  f u l l - s c a l e  
a i rp lane .  

“7. 
INTRODUCTION 

A t  t h e  request of the Navy Department, Bureau of Aeroneutics, t h e  
PUCA has performed an z q e r k e n t d  im-es t tgz t ion  of t h e  e f f e c t s  of t h e  
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extenslor? of i n t e rna l ly  stowed rocket racks l i f t ,  C-reg, st a c i i r t y ,  
and t r i m  of two l/ lO-scale rocket-boosted modeis of the  McDonnell 
XF’3H-1 a i rp lane .  
here in  f o r  t h e  f i r s t  time. 
r e s u l t s  obtained from t h e  previous t e s t  a r e  presentt.d. 

The r e s u l t s  of the second (and l a s t )  tes t ,  a r e  repcr te5  
In  addition, some of tne more important 
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The models qere supplied by the McDonnell Ai rcraf t  Corpcration, and 
t h e  f l i g h t s  were made at t h e  Langley P i l o t l e s s  Ai rcraf t  Research S ta t ion  
a t  Iv’allops Island, Va.  
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accelera3ion p a r a l l e l  t o  fuselage center  l i n e  a t  cen ter  
of gravi ty ,  Pos i t ive  iowar2 t a i l ,  f t / s ec*  

acce lera t ion  perpendicular t o  fuselage center  l i n e  a t  center  
of gravi ty ,  pos i t i ve  upward, f t / s e c 2  

acce lera t ion  perpendicular t o  plane of symnetry, near center  
of grav i ty ,  pos i t i ve  toward r igh t  wing t i p ,  f t / s ec2  

wing span, f t  

t o t a l  drag coef f ic ien t ,  CN s i n  a + C c  cos a 

t o t a l  lift coef f ic ien t ,  CN cos a - Cc s i n  a 

FitChing-mODent coef f ic ien t ,  Fos i t i ve  f o r  a moment tending 
Pitc._i!:g moment - t o  r a i s e  nose, 

q%ingc 

yawing-manent coef f ic ien t  , Yawing moment 

JSwi ngb 

a 2 !,I 
chord-force coe f f i c i en t ,  - 

g ‘iswing 
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g Asding 

CM no-Qal-force coef f ic ien t ,  - 

CY l a t e ra l - fo rce  coef f ic ien t ,  9 GJ 
@wing 

c wing mean aerodynamic chord, f t  

f frequency, cps 

g acce lera t ion  due t o  gravi ty ,  32.2 f t  /sec2 

m z s s  moment of i n e r t i a  of model about t ransverse  ax i s ,  =Y 
slug- f t 2 

m a s s  moment of i n e r t i a  of model about ax i s  perpendicular 
t o  l o n g i t u c l n d  pr inc ipa l  ax i s  znd t ransverse  ax i s ,  

IZ 

s lug- f t  2 

hor izonta l  dis tance from center  of grav i ty  of model t o  2X 
center  of rocket racks,  f t  

v e r t i c a l  dis tance from center of g rav i ty  of model t o  cent ro id  
of exposed f r o n t a l  area of rocket rack, f t  

12 

M free-stream Mach number 

Mg,M+,M7 rocket-rack modifications 

P period of motion, sec 

P f r e e - s t r e m  s t a t i c  pressure, l b / s q  f t  

dynamic pressure,  -p 
mass-florj r a t i o  mFo 

R 

S 

rn I 

Reynolds number based on wing mean aerodynamic chord 

wing area, sq  f t  

time, sec 
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free-stream ve loc i ty ,  f t j s e c  

weight of model, 1 G  

wing t w i s t  i n  free-stream d i r ec t ion  due t o  a u n i t  load a t  
various span loading s t a t i o n s ,  rad ians / lb  

distance 

d is tance  

angle of 
deg 

from model center l i n e ,  f t  

from model center l i n e ,  y/s, s e m i  spans 

a t t a c k  of fuselage center  l i n e ,  p o s i t i v e  nose up, 

P angle of s ides l ip ,  pos i t ive  f o r  r e l a t i v e  wind coming from 
r i g h t ,  deg 

6 angu la r  def lec t ion ,  deg 

Y r a t i o  of spec i f i c  hea ts  a t  atmosphere, 1.4 

e angle of fuselage center l i n e  r e l a t i v e  t o  hor izonta l ,  
p o s i t i v e  nose up, radians 

Subscripts : 

min minimum 

RR rocket racks 

S h o r i  zont a1 st ab ili zer 

t t r i m  

av average 

Derivatives with respect t o  a quantity are ind ica ted  as shown i n  
dCm 

C " C L = G  
t h e  following example : 

Increments are denoted by A, for example: 

increment i n  trim l i f t  coef f ic ien t  
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Fhysical  c h a r a c t e r i s t i c s  o f  tnf model i n  t n i s  invez t iga t ion  are 
presented i n  t ab le  I and by dradingc and photographs i n  f igu res  1 and 2. 
For t h i s  model t h e  center  of gravizy w a s  at 27.9 percent of t h e  mean 
acrodynamic chord and t h e  horizontal  s t a b i l i z e r  was set a t  - 2 . j 0  rela- 
t i v e  t o  t h e  wing. 
co rq lc t c ly  just ins ide  t h e  i n l e t  and at t h e  j e t  e x i t .  Additional model 
i t s c r i p t i c n  and construct ion de ta i l s  may be found i n  reference 1. 
noeel w95 subjecbed t o  v ibra t ions  of knoTm frequency (as In  re f .  1) and 
t ' ie i ' z x l t z  are presented i n  f igure  j .  Measured ;ring influence coe f f i -  
eienLz are s!io.y;n i n  f i g w e  Q .  

A s  i n  t h e  model of reference 1, t h e  ducts  were blocked 

The 

Inst rmen t  z t  i on 

Tne model contained 9ri UACA 5elemetering system whicn t r a n m i t t e d  
cor.iinuour information t o  t h e  ground receiving s t a t i o n  during t h e  f l i g h t .  
I n  aridi*-icn t o  t h e  accelerometers (whose loca t ions  a re  indicated i n  
Tie. 3 )  t n s  instrumentation used i n  t h i s  inves t iga t ion  consis ted of 
pres rure  ce l l s  measuring t o t a l  and s t a t i c  pressure,  rocket-rack pos i t i on  
ind ica tor ,  and an NACA vane-type angle-of-attack ind ica tor  ( re f .  2 ) .  

The ground instrumentation of t h i s  t e s t  vas %he same as t h a t  described 
i n  reference 1. 

TEST AND IGTHCID OF ANALYSIS 

T.ie t e s t  technique c-mFioycd was similar t o  tilat &scribed i n  refer- 
tiices 1 and j. A photogrrzpil of t h e  model on t h e  launcher i s  shown 3s 
f igu re  2 ( c ) .  The Reyncjlds nmber ,  based on t n e  wing Fean aerodynamic 
chcrd, var ied  as shown i n  f igu re  5 ,  betve.cn 4 . 1  x 190 at M = 0.b2 
and 11.1 x ld at A time h i s t o r y  of t h e  p r i n c i p a l  quan t i t i e s  
i s  shown as figure 6. The r e s u l t s  presented i n  t h i s  paper were d t r ived  
from t h i s  time h i s t o r y  by t h e  method of reference j ,  except where o ther -  
wise noted. The a x i s  system used i n  t h e  ana lys i s  is sho'm i n  f igu re  7. 

M = 1-37. 

RESWS AND DISCUSSION 

Alnost immediately after the m o d e 1  separated frm t h ~  beo r t e r ,  a 
high-frequency o s c i l l a t i o n  became v i s ib l e  on t h e  te lemeter  +,ra,-cc cf t-he 
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angle-of-attack ind ica tor ,  t h e  nose normal accelerometer, t h e  center-of- 
g rav i ty  noma1 and longi tudinal  accelerometers, and t n e  normal acceler-  
ometer a t  t h e  t a i l .  
some of these  t r a c e s  with t h e  f l u t t e r  o s c i l l a t i o n  superposed i s  shown as 
figure 8. The frequency of t h e  osc i l l a t ion  ( f i g .  9 ( a ) )  w a s  t h e  same on 
a l l  f i v e  t r a c e s  and var ied from 200 cps at 
M = 1.0. The average half  amplitudes of t h e  acce lera t ions  involved are 
shown i n  figure g(b) as X N  and ACc t o  show t h e  manner i n  which t h e  
o s c i l l a t i o n  damped as a Mach number of one w a s  approached. The resonant 
frequencies and t h e  corresponding nodal l i n e s  of the model components, 
determined before t h e  f l ight  by mechanically shaking t h e  model a r e  shown 
i n  figure 3 .  
construct ion,  shown i n  figure l ( c ) .  

A port ion of one of t h e  te lemeter  records shoving 

M = 1.37 t o  143 cps near 

The complex nodal pa t t e rn  on the wing der ives  from i t s  

From t h e  character  of t he  osc i l l a t ions ,  shown i n  f igu re  8, it w a s  
concluded t h a t  t h e  phenomenon was f l u t t e r .  However, other  rocket-model 
t es t s  of wings scaled t o  represent the  a i rp lane  s t r u c t u r a l l y  as w e l l  as 
aerodynamically, having much lower frequencies i n  both bending and t o r -  
s ion,  indicated no wing f l u t t e r  f o r t h e  a i rp lane  up t o  a t  l e a s t  
( these r e s u l t s  are as yet unpublished). 
present test  w a s  purely inc identa l  t o  t h e  purpose of t h e  t e s t  and evi-  
dent ly  represents  a borderl ine case,  s ince a previous t e s t  of a model 
almost exac t ly  similar t o  t h i s  one, but trimmed t o  f l y  a t  higher angles 
of a t tack ,  d id  not f l u t t e r .  Calculations performed by t h e  McDonnell 
Aircraft Corporation ind ica te  t h a t ,  f o r  these  models, a type of f l u t t e r  
involving a chordwise bending of the  t r a i l i n g  edge about the rear edge 
of the  spar  ( f i g .  l ( c ) )  would be possible over t h e  range of speeds and 
frequencies observed i n  t h i s  t e s t .  Hence, it i s  concluded t h a t  t he  
f l u t t e r  observed i n  t h i s  tes t  i s  pecul iar  t o  t h i s  model and i s  not l i k e l y  
t o  appear on the  fu l l - sca l e  airplane.  

M = i.? 
The occurrence of f l u t t e r  i n  t h e  

Emedia te ly  after booster-model separat ion t n e  angle-of -a t tack  
ind ica tor  was apparently damaged by v ibra t ion  induced by the  f l u t t e r .  
(Note t h e  exis tence of a nodal line a t  a frequency of 190 cps a t  t h e  base 
of t h e  angle-of-attack s t ing ,  f i g .  3 . )  
not used i n  t h i s  ana lys i s .  Throughout t h e  f l u t t e r ,  t h e  cor rec t  values  
of t h e  acce lera t ions  corresponding t o  t h e  model short-period longi tudina l  
and l a t e r a l  modes of motion were assumed t o  be t h e  average between t h e  
envelopes through t h e  peaks. 

Hence, angle-of-attack data  were 

S t a t i c  Longitudinal S t a b i l i t y  

Angle-of-attack s t a b i l i t y . -  The period of t h e  longi tudina l  mot ion, 
shown i n  f igure  lO(a), was obtained from t h e  time h i s to ry  of t h e  normal- 
force coe f f i c i en t .  
period were converted t o  the  s t a t i c - s t a b i l i t y  der iva t ive  Cm, ( f i g .  10(b) ) ,  
and compared w i t h  t h e  rocket model of reference 1 md --' w~nd- tu lne l  t es t s  

By using t h e  method of reference 3 these  values  of 
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re ference  4 .  For t h e  model i n  t h i s  i nves t iga t ion  s l i g 2 t l y  less s t a t i c  
s t a b i l i t y  i s  indicated than i n  t h e  wind-twinel tes ts .  
sources agreed i n  t h e  general va r i a t ion  of with Mrch number. 

Aerodynamic-center location.-  Values of pitching-moment c o e f f i c i e n t  
obtained with two accelerometers by t h e  method of reference 5 were 
p l o t t e d  aga ins t  normal-force coef f ic ien t  i n  f i g u r e  11 f o r  two supersonic 
Mach numbers with racks i n  and one supersonic Mach number with racks out.  
D a t a  from reference 1 at  two supersonic Mach numbers are a l s o  presented 
i n  figure 11 for a d i f f e r e n t  s t a b i l i z e r  s e t t i n g  and with racks only 
p a r t i a l l y  out.  
aerodynamic-center loca t ion .  Also t h e  & of f i g u r e  10 was used w i t h  
t h e  C b  cf reference 4 t o  determine t h e  aerodynamic-center l oca t ion .  
The results ind ica t e  a rearward s h i f t  of a3out 13 percent mean aerody- 
namic chord between 
up t o  the  t e s t  l i m i t ,  M = 1.34. 

Data from both 

The slopes from these da ta  are shown i n  f i g u r e  12 as 

M = 0.83 and 1.0, followed by a more gradcal s h i f t  

A similar v a r i a t i o n  of aerodynamic-center l oca t ion  with M_.c.- :IcL'n:)er 
i s  reported f o r  t h i s  configuration i n  reference 4 ( f i g .  12). 
both rocket models ( t h i s  tes t  and r e f .  1) indica ted  somewhat less sta- 
b i l i t y  than  t h e  wind-tunnel references but s l i g h t l y  more than  t h e  f l i g h t  
da ta  of reference 6. 

However 

Dynamic Longitudinal S t a b i l i t y  

Since t h e  e f f e c t  of +,he racks on t h e  long i tud ina l  motion w a s  small, 
damping data could be obtained only from t h e  separa t ion  o s c i l l a t i o n ,  
t = 3.3 seconds, figure 6. The sum of t h e  de r iva t ives  C q  and C% 
( f i g .  13)  determined f o r  t h i s  o s c i l l a t i o n  cigrees with t h e  r e s u l t  of 
reference 1. The estimated value, computed -:y t h e  methods out l ined  i n  
re ference  7 i s  about 80 percent of the  a c t u a l  value near M = 1.3. 

I n  seve ra l  instances,  t h e  small-amplitude long i tud ina l  mot ions were 
i r r e g u l a r  i n  frequency and damping. A t  
( f i g .  6 ) ,  t h i s  irregular nature of the motion w a s  apparent; however, t h e  
motion damped when t h e  rocket racks re t rac ted ,  
M = 1.14. This  apparently va r i ab le  dynamic and s t a t i c  s t a b i l i t y  occurred 
i n  t h e  t es t  of a similar model, ( r e f .  1) under similar conditions over a 
s l i g h t l y  g r e a t e r  Mach number range, M = 1.10 t o  1.27. E i t h e r  t h e  rocket 
racks are capable of producing some in te r fe rence  e f f e c t  o r  turbulence of 
a continuous nature at least between M = 1.10 and 1.27, o r  ir?ertial o r  
aerodynamic coupling occurred between t h e  la te ra l  and long i tud ina l  modes 
i n  both instances.  
T J : ~ , - T  -I 0 7  

t h e  r e s u l t i n g  motion of t h e  model i s  t h e  dynamic response of t h e  model t o  
a continuous disturbance. 

t = 3.85 seconds, M = 1.23 

t = 4.40 seconds, 

The turbulence e f fec t  seems t o  be more l i k e l y  i n  
of t h e  damping when t h e  racks closed. If it i s  a turbulence e f f e c t ,  

The e f f ec t  of such turbulence on t h e  dyl-amic 

c-L 
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s t a b i l i t y  of tne  fu l l - s ca l e  airplane Et t h e  sxne a i t i t z d e  (about 
2,000 f t )  would l-e less prmounced because of dynamic consiiiernticns. 

The causes of t h e  other i r r e g u l a r i t i e s  occurring i n  the  longi tudina l  
motion (e.g. ,  
of m a l y s i s  given i n  reference 3 .  

t = 5.7, 6.8, and 8.4) cannot be defined by t h e  methods 

S t a t i c  Di rec t iona l  S t a b i l i t y  

The period of t h e  l a t e r a l  motion ( f i g .  14(a))  w a s  determined from 
t h e  t b e  h i s to ry  of t h e  l a t e ra l - fo rce  coe f f i c i en t  ( f i g .  6) a t  those  
times during which t h e  l a t e r a l  motion w a s  s inusoida l .  The d i r e c t i o n a l  

equivalent t o  these  period values i s  s t a t  i c - s t a b i l i t y  der iva t ive  
shotjn i n  f igwe 1 4 ( b ) .  ~ r ?  order tc approximate t h e  a i rp lane  more c lose ly ,  
a co r rec t ion  w3s sppl ied  50 t h e  f a i r e d  

cnp 
f i n  e f f e c t  of t h e  to t a l -p re s su re  tube s t r u t  ( f i g .  1). 
values Gf Cn 
f i rs t  t e s t  ( r e f .  1) xherever t h e  s c a t t e r  of t h a t  da ta  i s  smzll. 
Although t h e  p re l in inz ry  estimate of re ference  8 p red ic t s  on ly  a small  
v a r i a t i o n  with Mach number, t h e  r e s u l t s  of t h e  present test  are charac- 
t e r i z e d  by an abrupt increase between M = 1.07 and M = 1.13. The 
l e v e l  of tlie supersonic data of reference 9 and t h i s  tes t  is  much l a r g e r  
than  t h e  estimate of reference 8. 

cnP 

Curve t o  account f o r  t h e  

agree c lose ly  with those obtained previously from t h e  
The corrected 

P 

Trim 

Trim normal-force coef f ic ien t . -  The t r i m  normal-force coe f f i c i en t ,  
shown as a function of Mzch nmber  i n  figilre 15 for rocket racks i n  and 
ou t ,  displayed a moderate nose-down tendency from M = 0.90 t o  0.96 and 
a milder pitchup c h a r a c t e r i s t i c  f r o m  M = 0.97 t o  1.1. 
mated from reference 5 f o r  t h i s  model (with no a i r  flow through t h e  
duc ts )  ind ica ted  a much higher t r i m  a t  subsonic speeds, with a moderate 
pitchup tendency centered about M = 0.80. The t r i m  f o r  l a rge  mass flow 
through t h e  ducts i nd ica t e s  such a peak a t  M = 0.87, followed by a 
gradual nose-down tendency throughout t h e  remainder of t h e  t ransonic  
speed range. 

The t r i m  es t i -  

Pitching-moment coe f f i c i en t  at zero l i f t .  - The trim l i f t  of t h e  
model with racks i n  w a s  used with the  s t a t i c  s t a b i l i t y  obtainable f r o m  
figure 1 2  t o  ca l cu la t e  t h e  pitching-moment coe f f i c i en t  a t  zero lift. 
This quant i ty  w a s  a lso determined d i r e c t l y  from figure 11 f o r  t h e  sepa- 
rst . ion o s c i l l a t i o n .  These vilues cf 

s ide rab ly  smaller than  those  reported i n  reference 4 and show an increase  
of about 0.01 i n  

i n  f igu re  16 are con- ( Cm 1 cL=o 

(Cm)cL=o i n  going f r o n  subsonic t o  supersonic speeds. 
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S t a b i l i z e r  effect iveness  f o r  trim.- By comparing t h e  values of Cr3, 
obtained i n  t h i s  t e s t  w i t h  t h e  trim obtained i n  reference 1 (see f i g .  l?), 
t h e  der iva t ive  ACnt.AljS has been determined. (Since t h e  rocket racks 
d id  not f u l l y  c lose i n  t h e  first t e s t ,  t h e  comparison wzs made f o r  t h e  
racks-out condition.)  These values of A m  a6, ( f i g .  17) a r e  s l i g h t l y  
l a r g e r  than  those derived f r o m t h e  data  of reference 4, due, probably, 
t o  t h e  lower s t a t i c  s t a b i l i t y  obtained i n  t h i s  t e s t .  

tl 

Drag 

Since angle-of-attack data were not ava i lab le ,  no ac tua l  drag da ta  
can be presented. 
fo rce  coef f ic ien t  does not vary much with angle of a t tack ,  and t h e  ac tua l  
values  of chord-force Coefficient shown i n  f igure  18 m y  be caut iously 
used as minimum drag coef f ic ien ts .  
The r e s u l t s  of tunnel  t es t s  of models having faired-over i n l e t s ,  these  
=ralues have been corrected f o r  base drag and f o r  t h e  effects of t h e  
blocked i n l e t s  as described i n  reference 1. 
with data  from references 1 and 9 below M = 1.1, but a t  
corrected result is  about 
by t;iese o ther  tests. 

However, i n  t h e  l i f t  range being considered, t h e  chord- 

I n  order t o  compare these  data  with 

These corrected r e s u l t s  agree 
M = 1.3, t h e  

ACD = 0.009 higher than t h e  l e v e l  es tab l i shed  

Effect  of Rocket Racks on Aerodynamic 

Character is t ics  of t h e  Model 

Effect of rocket racks on drag.- The e f f e c t  of t h e  rocket racks on 

for a short  i n t e rva l  before and a f t e r  t he  movement of t h e  rocket 

Since the angle of a t t a c k  is  small and t h e  

chord-force coef f ic ien t  was determined by p l o t t i n g  Cc a s  a f m c t i o n  of 
Qj2 
racks and then determining t h e  increment between t h e  r e su l t i ng  two 
s t r a i g h t  l i n e s  ( f i g .  19) .  
change i n  l i f t  due t o  t h e  presence of t h e  racks i s  small, XD,, = ACC,,. 
This  drag increment, 0.006 a t  subsonic speeds, becomes a m i n i m  at about 
M = 1.0 and increases  t o  about 0.0082 a t  M = 1.3 ( f i g .  20). The results 
of reference 1 are i n  general  agreement except a t  M = 1.27, where refer- 
ence 1 indica tes  an increment of 
obtained by a process of extrapolation designed t o  account f o r  a rack 
movement over only t h e  l a s t  half  of i t s  intended range (see r e f .  l), i t s  
accuracy i s  questionable. The results of t e s t s  of rack configurations M 3  
and M 7  from references 10 and ll, respect ively,  a r e  a l s o  shown i n  f i g -  
ure  20. Thus, t h e  t e s t s  on a l l  t he  rack configurations ind ica te  t h a t  t h e  
increment i n  drag coef f ic ien t  is considerable over most of t h e  Mach number 
range. 

ACD, = O.Oll7. Since t h i s  value was 
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Effect of rocket r w k s  on t r i m . -  The trim normal-force coe f f i c l en t  
shown i n  f igu re  13 f o r  rocket racks i n  and f o r  r0zke.c racks out was used 
t o  Oetemine t h e  increment i n  t r i m  normal-force coe f f i c i en t  6ue to t h e  
presence of t h e  rocket racks. 
maximum value of -0.06 at  M = O.% and Secomes p o s i t i v e  above M = 1-17 
Tests on r m k  configurations M3, M4, and M7 ( r e f .  5 )  i nd ica t e  a simi- 
l a r  va r i a t ion ;  however, t hese  wind-tunnel t e s t s  ind ica te  a l a r g e r  ne&-a- 
t i v e  effect. 

This quentity,  shown i n  f igu re  21, has a 

Effec t  of rocket racks on p i tch ing  moment .- An ind ica t ion  of t h e  
e f f e c t  of rocket racks on t h e  pitching-moment coe f f i c i en t  a t  constant 
l i f t  coe f f i c i en t ,  shown i n  figure 22, w a s  obtained by use of t h e  f o l -  
lowing r e l a t ionsh ip  : 

w a s  taken from the  heavy dashed l i n e  i n  f i g u r e  12 ( t h i s  
from f igu re  21 ( t h i s  t e s t ) .  

where k L  
t e s t ) ,  and ~ C N , ~  

Comparison i n  f i g u r e  22 with data from reference 4 shows t h e  var ia -  
t i o n  of t h e  e f f e c t  of racks on p i tch ing  moment with Mach number t o  be 
well-defined. 
l e v e l  of t h e  computed increment i n  p i tch ing  moment i s  of t h e  r i g h t  order 
of magnitude f o r  t h e  present t e s t .  A r eve r sa l  of e f f e c t  occurs a t  
M = 1.15 whicn i s  a lower Mach number than  ind ica ted  by t h e  wind-tunnel 
re ferences .  

The one point obtained from f igu re  11 ind ica t e s  t h a t  t h e  

Effec t  of rocket racks on l i f t . -  The e f f e c t  of rocket racks on l i f t  
c c e f f i c i e n t  a t  3 constant angle of a t t a c k  i s  shown i n  f igu re  23. These 
values were computed using t h e  following re ld t ionship :  

Values of w e r e  obtained from f igu res  20, 
u 

12, and 22 ( t h i s  test), respectively.  
cen t ra ted  a t  t h e  center  of t h e  rocket racks i n  determining t h e  d is tance  
I ~ / F .  Dzta f r o x  t e s t s  of s imi l a r  ~ 3 ~ 1 ~ s  ( r e f s .  3 2nd 11) a r e  a l s o  siluwn 
i n  f i g u r e  23. A s  could be expected from t h e  r e s u l t s  of f i g u r e  22, t h e  
l i f t  due t o  t h e  racks i s  g rea t e r  a t  supersonic speeds than  t h e  tunne l  
tests indicated.  

The l i f t  w a s  a s smed  t o  be con- 
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SUMMARY OF RESULTS 
0 ...... 

0 .  

0 .  0 0. 0 The p r inc ipa l  r e s u l t s  derived from an ana lys i s  of the acce lera t ions  
of a l / lO-scale model of t h e  McDonnell XF3H-1 a i rp lane  equipped with 

wave program while t h e  model w a s  decelerating i n  f r e e  f l i g h t  from a Mach 
number M of 1.37 t o  0.62 are:  

0.0 0 

00.. 
0 .... i n t e r n a l l y  stowed extensible  rocket racks which were pulsed i n  a square- 

1. The change i n  trim normal-force coe f f i c i en t  due t o  t h e  extension 
= -0.06, at M = 0 . 8 ;  above AcNtm of t h e  rocket racks was g rea t e s t ,  

M = 1.15 it w a s  pos i t i ve .  

2. The increment i n  pitching-moment coef f ic ien t  due t o  t h e  exten- 
s ion  of t h e  racks a t  constant l i f t  coe f f i c i en t  w a s  g rea t e s t ,  

(OC,I?R)~~ = -0.012, at M = 1.00; sbove M = 1.15 it w a s  pos i t ive .  

3. The increment i n  drag coef f ic ien t  due t o  t h e  racks w a s  consider- 
able over most of t h e  Mach number range. 
speeds t o  about 0.0082 a t  

It var ied  from 0.006 a t  subsonic 
M = 1 . 3 .  

4. A region of var iab le  dynamic longi tudina l  s t a b i l i t y  w a s  experi-  
enced between 
t h e  rocket racks s ince  the  i r r egu la r  longi tudina l  motion ceased when t h e  
racks closed, and t h e  same phenomenon w a s  observed over a s l i g h t l y  
g rea t e r  Mach number range i n  a previous t e s t .  

M = 1.14 and 1.23 and is  a t t r i b u t e d  t o  t h e  presence of 

3. The e f f e c t  of t h e  rocket racks on l i f t  coe f f i c i en t  a t  conskant 
angle of a t t ack  was small; i n  f a c t ,  t h e  maximum increment, near 
was on ly  -0.017. It became pos i t i ve  above M = 1.135. 

M = 1.0, 

6. The supersonic f l u t t e r  experienced w a s  i nc iden ta l  t o  t h e  purpose 
of t h e  t e s t ,  and i s  not l i k e l y  t o  appear on t h e  f u l l - s c a l e  a i rp lane .  

7. The rearward s h i f t  of t n e  aerodynamic center  amounted t o  I3 per-  
cent between M = 0.85 and M = 1.0. I n  general  t h e  s ta t ic  longi tudina l  
s t a b i l i t y  w a s  found t o  be somewhat less than  wind-tunnel tests of similar 
aodels  indicated.  
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8. The d i r ec t iona l  s t a t i c - s t a b i l i t y  cierivative C2B increase6 
abrupt ly  between M = 1.07 m d  1.13. 
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Dimensions 

Span, i n .  . . . . . . . . . . . . .  
Mean aerodynamic chord, i n .  
Area, t o t a l ,  sq f t  . . . . . . . .  
Aspect r a t i o  
Taper r a t i o  

. . . .  
. . . . . . . . . . .  . . . . . . . . . . . .  

1 .L 0. 
e. . 
0 .  . ...... . 0. 
. . .  

1 .... 1 . 0  . - _I 

Wing G t a b i l i z e r  F in  
- ___. 

iC2.40 17.40 8.5; 
14.63 6.00 7.2, 
4.15 0.700 0.454 

3 1.118 
0.5 0.5 0.5 

3 

~ .... 
1 .  
..e. 

Incidence, deg . . . . . . . . . .  "2.20 b-2.30 . . . . . . . . . . . .  T w i s t ,  deg 0 0 
Dihedral, deg 0 . . . . . . . . . . .  0 
A i r f o i l  sec t ion  at - 

TASLE 1.- PHYSICAL PROFERTIES MITI DIMEXSIONS 

a-O.10 
0 

---- 

Root . . . . . . . . . . . . . .  NACA 0009-1.16 
38/1.14 mod. 

Tip  . . . . . . . . . . . . . . .  NACA 0007-1.16 
38/1.14 nod. 

45 

s t a t i o n ,  in .  . . . . . . . . .  32.97 

of fuselage,  in .  . . . . . . .  2.52 

fuselage center  l i n e ,  in .  . . .  9-38 

. . . .  Sweepback of c/4 l i n e ,  deg 
Location of c/4 of M.A.c.: 

Longitudinal, fuselage 

Ver t ica l ,  d is tance from bottom 

Lateral, spanwise dis tance from 

aRelative t o  fuselage center  l i n e .  
?Rela t ive  t o  wing-chord plane. 

NACA 0007-1.16 
28/1.;4 nod. 

45 4 5  

63.36 60.93 

7.60 12.59 

3.81 0 

Mass cha rac t e r i s t i c s  : 
hieight, l b  . . . . . . . . . . . . . . . . . . . . . . . . .  118.95 
Wing loading, lb / sq  f t  . . . . . . . . . . . . . . . . . . .  28.66 
Center-of -gravi ty  location: 

Longitudinal, percent M.A.C. behind L.E. . . . . . . . . .  27.9 
Vertical, percent M.A.C. above center  l i n e  2.2 . . . . . . . .  

Moment s of i n e r t  i a  : 
Iy, S h & - f ' t 2 .  . . . . . . . . . . . . . . . . . . . . . .  5.40 
Iz, slug-f t2 ,  estimated . . . . . . . . . . . . . . . . .  6.07 

Fuselage base area, sq  f't 0.0767 
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( c )  Wing d e t a i l .  

Figure 1.- Concluded. 



Side view. 
L-80492 

(b) Bottom view. 

Figwe 2.- Photogrzphs o f  model. 



( c )  Idodel on lawcher .  
L-80651 

Fig;lrc 2. - Concluded. 
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WHEN COMPONEXTS WERE SThUCK 

t 9 aN a 
nose Ct3 t a i l  

aN 

L e f t  wing 86.2 110 84.6 157 85.5 
118 115 87 102 ..) 

Vert. f i n  - - 87.3 93.9 - 
1 1 5  11 5 87 134 - 

Right wing 

E i g h t  stab. 

Eiormal accelerometers 

Nodal l i n e s  and frequencies a t  which t h e y  occurred. 

Figure 3.- Vibration cha rac t e r i s t i c s  of t h e  model. 
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Figure 8.- Portion of telemeter record showing f l u t t e r  oscillation. 



*a** - - a  
a* 

.4 

0 

(a) Frequency. 

(b) Ha l f  mp l i tude .  

Figure 9.- Frequency and half amplitude of the  f l u t t e r  oscillation. 

-IAL 



. 

.4 
D 

9 

aec 

0 

(a) Period of longi tudinal  motion. 
- 

- . o j  

0 

1 0 Racks in i 
17 Racks out; 

1 

.7 .8 .9 1.c 1.: 1.2 1.5 1.4 
hl 

(b) S t a t i c - s t a b i l i t y  de r iva t ive  K. 
Figure 10.- Angle-of-attack s t a b i l i t y  f o r  center  of g rav i ty  a t  

27.9 percent ,?lean aerodynamic chord. 
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Figure 17.- S t a b i l i z e r  effectiveness f o r  t r i m  evaluated f o r  racks out. 
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U Figure 18.- Chord-force coef f ic ien t  at t r i m  and minimum drag coef f ic ien t .  
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Figure 19.- Effec t  of rocket racks on the chord-force coe f f i c i en t  a t  
several Mach numbers. 
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Figure 20.- Increment i n  drag coe f f i c i en t  due t o  t h e  racks.  
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Figure 21.- Ef fec t  of rocket racks on trim normal-force coe f f i c i en t .  
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Figure 22.- Effect of rocket racks on pitching-moment coefficient. 
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Figure 23.- Effect of rocket racks on lift coefficient. 
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Page 8, l i n e  13: !The sentence beginning on this l i n e  should 
be changed t o  read as follows: 

The corrected values of Cn are about 16 percent  less 
P 

than those obtained previously from t h e  f irst  t e s t  (ref. 1) 
wherever t h e  scatter of t h a t  da ta  i s  small. 

Figure 14: This f i g u r e  should have a cor rec t ion  made by 
replacing the lower p l o t  with the  following cor rec ted  
p l o t  f o r  p a r t  (b) : 
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P' Figure 14 (b) S t a t i c - s t a b i l i t y  de r iva t ive  C, 

C1-m 
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